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Introduction 
 
Rice (Oryza sative L.) is one of the most important 
staple diets in the world. In Pakistan, rice is the 
third largest crop after wheat and cotton. Rice is 
cultivated on an area of more than 2.5 million 
hectares and accounts for 16% of the total cereals 
produced annually. In 2011–2012, the production 
of milled rice was about 6.16 million tones. This 
accounts for 5% of the total agriculture sector 
with 1.0% contribution in GDP (1). Brown rice 
often termed as hulled rice is a partly milled or 

un–milled form of whole natural grain. Brown rice 
is comparatively more nutritious than traditional 
white rice. The underlying reason is the 
preservation of essential nutrients and vitamins 
(usually 5–80%) which are destroyed during the 
milling and polishing process of white rice (2). 
Rice is highly vulnerable to fungal contamination 
owing to cultivation in wet–season. The patho-
genic fungi such as Aspergillus sp., Fusarium sp. 
and/or Penicillium sp. might attack on the rice ker-
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nel (i) during the cultivation of crop and/or (pre–
harvest) (ii) during the storage of matured crops 
(post–harvest). Pre–harvest fungal contamination 
generally occurs in the field and associated with 
drought and high temperature during the grain–
fall. Post–harvest contamination usually devel-
oped when grain is improperly managed during 
the drying and storage process (3). 
In general, warm and moist conditions along with 
hygroscopic nature of rice kernel are believed to 
be very favorable for the growth of toxigenic 
fungi, associated with mycotoxins production. 
Mycotoxins are low molecular weight secondary 
fugal metabolites. Fungal proliferation and myco-
toxins biosynthesis are highly susceptible to tem-
perature, moisture, water activity, pH and oxygen 
concentration (4,5).  
Aflatoxins (AFs) are the best known and most 
widely studied mycotoxins. AFs are injurious to 
the human health, livestock and poultry. Adverse 
effects of AFs include growth impairment, de-
creased resistance to pathogens, hepato– and ne-
phrotoxicity (6). Aspergillus species particularly A. 
flavus and A. parasiticus are ubiquitous and cosmo-
politan AFs producing fungi in various agricultural 
commodities (7).  
The most important AFs are aflatoxin B1 (AFB1), 
B2 (AFB2), G1 (AFG1) and G2 (AFG2) (Fig. 1).  
 

 
 
Fig.1: Chemical structures of aflatoxins. (A) aflatoxin 
B1, (B) aflatoxin B2, (C) aflatoxin G1 and (D) aflatoxin 
G2 

Considering aflatoxins, AFB1 is the most toxic 
than other AFs such as AFB2, AFG1 and AFG2 

and has been widely reported in rice (8–10). 
Several countries including Pakistan have estab-
lished strict guidelines and acceptance limits for 
AFs (11). In Pakistan, the climatic conditions are 
usually very hot and humid. Thus, provide an ex-
cellent environment for fungal propagation and 
AFs production. For instance, Sorenson et al. ex-
amined the effect of temperature on AFs produc-
tion in rice. It was observed that the suitable tem-
perature for AFs production was 28 °C (12). To-
gether with AFs production, fungal invasion cause 
organoleptic changes such as grain discoloration, 
shape, size and mustiness. Furthermore, reduced 
germ–inability crop due to embryo destruction 
during the storage phase (13). 
Due to the toxicity of AFs, their effect in public 
health and lack of available surveys on AFs con-
tent particularly in Pakistani brown rice. This 
study was conducted to investigate AFs level in 
brown rice that is sold in local supermarkets, tra-
ditional bazaars and export to several countries. 
 

Materials and Methods 
 

Reagents and apparatus 
Aflatoxin B1, B2, G1 and G2 standards (crystalline 
powder) were purchased from Sigma–Aldrich (St. 
Louis–MO, USA). Pre–coated TLC plates of silica 
gel 60 (layer thickness 0.25 mm, 20 x 20 cm) on 
glass or aluminum, without fluorescent indicator 
were purchased from E. Merck (Darmstadt, Ger-
many). Analytical grade acetone, acetonitrile, ben-
zene, chloroform, cupric carbonate, ferric chloride, 
potassium chloride, potassium hydroxide, sodium 
hydroxide, sodium sulfate, sulfuric acid, xylene 
and other solvents procured from BDH (Poole, 
England).  
 

Sampling 
A total of 262 samples of brown rice were col-
lected from various vendors across the Pakistan 
during July 2006 to June 2011. It is well docu-
mented that AFs are heterogeneously distributed 
throughout most food and feed commodities. For 
this reason, sampling procedures was based on the 

http://www.springerlink.com/content/?Author=W.+G.+Sorenson
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method as described in AOAC official method 
no. 977.16 for the accurate estimation of AFs (14). 
Briefly, a minimum sample size of 500–1000 g was 
taken and thoroughly mixed for 10 min. Samples 
were pulverized into particles ≤ 1 mm by passing 
through sieve no. 20 in a sample grinder (Cyclotec 
1093 mill, Sweden) to obtain a homogeneous and 
representative sample. Finally, pulverized samples 
were kept in air tight polyethylene bags and stored 
at -20 oC till further analysis.  
 

Preparation of aflatoxins standards 
The standard stock solutions (10 μg/ml) of each 
AFB1, AFB2, AFG1 and AFG2 were prepared by 
dissolving 1 mg crystalline powder in 100 ml ben-
zene : acetonitrile (98 : 2; v/v). Final concentra-
tion of each AFs stock solution was thereafter de-
termined by measuring the absorbance at 350 nm 
using Jenway Genova MK3 spectrophotometer 
(Dunmow–Essex, England). 
Working standard solution of each AFB1 and 
AFG1 (1 μg/ml) was individually prepared by 
combining 100 μl of each stock solution (10 
μg/ml) and 900 µl of benzene : acetonitrile (98 : 2; 
v/v). Whereas, working standard solutions of each 
AFB2 and AFG2 (0.5 μg/ml) were separately pre-
pared by adding 50 μl of each stock solution (10 
μg/ml) in 950 µl of benzene : acetonitrile (98 : 2; 
v/v). 
 

Aflatoxins analysis 
A modified Romer method based on bi–direc-
tional thin layer chromatography (TLC) was used 
for the detection of AFs as described in the 
AOAC official method no. 975.36/968.22 (14). 
The whole analytical procedure could be sub–di-
vided into two major steps as mentioned below:  
1. Sample purification and aflatoxins extraction 
2. Thin layer chromatography  
 

Sample purification and aflatoxins extraction 
Fifty grams of each grinded brown rice sample 
was weighed accurately and dispersed in 250 ml of 
acetone : water (85 : 15; v/v). Sample suspension 
was blended for 3 min at 5000 rpm using Eber-
bach 8017 explosion–proof blender (Haverhill–
Massachusetts, USA). The blended extract was 

filtered through Whatman no. 4 filter paper. An 
aliquot of 150 ml of sample extract was taken and 
mixed with 3 g of cupric carbonate for 20 s.  The 
sample mixture was then added into a conical 
flask already contained 170 ml sodium hydroxide 
(0.2 M) and 30ml ferric chloride (0.41 M), mixed 
well and filtered through Whatman no. 4 filter pa-
per. An aliquot of 250 ml filtrate was taken into a 
separating funnel, vigorously shake in the pres-
ence of 150 ml sulfuric acid (0.03%; v/v) and 10 
ml chloroform and allowed to settle–down for 2 
min. The lower layer of chloroform was trans-
ferred into another separating funnel already con-
tained 1 g potassium chloride and 100 ml potassi-
um hydroxide (0.02 M) solution. After a gentle 
swirling of 30 s, the lower chloroform layer was 
separated and re–collected into a graduated cylin-
der after passing through a bed of anhydrous So-
dium sulfate (1 g). Finally 8 ml of chloroform ex-
tract was evaporated to dryness at 45 oC under 
gentle stream of nitrogen and stored at -20 oC till 
the further quantification by TLC. 
 

Thin layer chromatography  
Dried extracts were solublized in 100 µl benzene : 
acetonitrile (98 : 2; v/v) and vortexed. Finally, 
spots of 2, 5 and 10 µl of samples and standards 
were individually applied on the TLC plate. 
Chromatographic plates were developed in un-
lined tank containing 20 ml chloroform : xylene : 
acetone (6 :  3 : 1;  v/v). TLC Plates were dried 
and observed under long wavelength UV light (λ 
= 254 and 366 nm) in an enclosed Camag 2930 
UV visulizer (Germany). The retention factor (Rf) 
of each AFs (B1, B2, G1 and G2) was calculated in 
accordance with the equation (i).  
Rf = distance moved by compound/distance moved by solvent       (i) 

Furthermore, the concentration of individual 
AFB1, AFB2, AFG1 or AFG2 was calculated ac-
cording to the following equation (ii). 
Concentration of AFB1, AFB2, AFG1 or AFG2 in μg/kg    
=      S × Y × V / X × W                                        (ii) 

Where: 
S = Volume (μl) of AFB1, AFB2, AFG1 or AFG2 
standard equal to unknown  
Y = Concentration (μg/ml) of AFB1, AFB2, AFG1 or 
AFG2 standard  
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V = Volume (μl) of final dilution of sample extract  
X = Volume (μl) of sample extract spotted to give flu-
orescent intensity equal to S  
W = Weight (g) of sample contained in final extract. 

The concentration of Total AFs (B1, B2, G1 and G2) 
was calculated as mentioned in equation (iii). 
Total AFs = Concentration of AFB1 + AFB2 + AFG1 + 
AFG2   (iii) 

All positive findings of AFs, naturally present in 
rice samples were confirmed by spraying the TLC 
plates with H2SO4 (50%; v/v) and making the de-
rivative with trifluoroacetic acid. 
 

Method validation and analytical quality as-
surance 
The accuracy of the analytical procedure was veri-
fied by performing the analysis in triplicate. Fur-
thermore, method validation was done through 
the analysis of control samples. Briefly, homoge-
nized control rice samples (n = 20) were analysed 
five times per day for four successive days. Results 
were incorporated in a control chart with an upper 
and lower warning (±2σ; 95% confidence limit) 
and control limits (±3σ; 90% confidence limit). 
Additionally, at least two control samples were 

tested with each series of routine samples (n = 25) 
and results were compared with the previous con-
trol measurements. Results of control samples 
were found within ±2σ range. The accuracy of 
procedure was determined by the recoveries of 
AFB1, AFB2, AFG1 and AFG2 from spiked sam-
ples. Furthermore, the recovery studies were per-
formed by the analysis of uncontaminated (blank) 
rice samples before and after the addition of 2, 5 
and 10 μg/kg of each AFs standard. The average 
recoveries rate for the four AFs was from 83.3% 
to 91.8%. Results from the recovery studies are 
presented in Table 1. The limit of detection 
(LOD) for AFB1 and AFG1 was 1 µg/kg and for 
AFB2 and AFG2 was 0.50 µg/kg, respectively. 
General laboratory performance (GLP) was veri-
fied by participation in the FAPAS® proficiency 
testing program via test no. 0488/2006, 
0490/2006, 0493/2006, 04109/2007, 04113/2007, 
04132/2008 and 04169/2011. Results were found 
within the range (±2 Z score) and showed in Ta-
ble 2. Food and feed safety laboratory has an 
ISO–17025 accreditation status with Pakistan Na-
tional Accreditation Council (PNAC). 

 

Table 1: Summary of FAPAS® Proficiency Testing Program during 2006–2011 
 

S. No. Test No. Z–Score Total Aflatoxins (µg/kg) 

Assigned Value Lab. Value 

1. 0488/2006 -0.1 5.59 5.44 
2. 0490/2006 -0.9 7.92 6.33 
3. 0493/2006 0.9 7.53 8.96 
4. 04109/2007 -1.4 7.01 7.18 
5. 04113/2007 0.4 13.70 14.82 
7. 04115/208 1.2 7.83 9.82 
8. 04132/2008 0.2 16.70 17.29 
9. 04169/2011 -0.1 13.70 13.59 

 

Table 2: Recovery of AFB1, AFB2, AFG1 and AFG2 from spiked samples of brown rice. All measurements were 
done in triplicate 

 

Concentration 
added      

AFB1 AFB2 AFG1 AFG2 

(µg/kg) Recovery 
concentration 

(µg/kg) 

Mean 
recovery    

(%) 

Recovery 
concentration 

(µg/kg) 

Mean 
recovery 

(%) 

Recovery 
concentration 

(µg/kg) 

Mean 
recovery    

(%) 

Recovery 
concentration 

(µg/kg) 

Mean 
recovery    

(%) 
2 1.83 ± 0.11 91.8 1.70 ± 0.11 85.2 1.70 ± 0.11 85.2 1.77 ± 0.20 88.5 
5 4.39 ± 0.45 87.8 4.16 ± 0.49 83.3 4.16 ± 0.25 83.3 4.52 ± 0.34 90.5 
10 8.85 ± 0.59 88.5 8.65 ± 0.34 86.5 8.85± 0.59 88.5 8.46 ± 0.34 84.6 

 

http://www.tandfonline.com/action/showPopup?citid=citart1&id=T0002&doi=10.1080/02652030500442524
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Results 
 

Relevant data regarding AFs contamination is 
summarized in Table 3. AFB1 was detected in 250 
(95.4%) samples. The average concentration of 
AFB1 was 3.80 µg/kg with a range of 1.07–24.65 
µg/kg. In contrast, AFB2 was found only in 20 
(7.6%) samples with an average of 0.09 µg/kg. 
The range of AFB2 was found between 0.52–2.62 
µg/kg. AFG1 and AFG2 contaminations were not 
detected in any rice sample. Altogether, 250 
(95.4%) rice samples were found contaminated 
with AFs (B1+B2) with an average of 3.89 µg/kg. 
The range of AFs (B1+B2) contamination was 

found between 1.07–27.27 µg/kg. The overall re-
sults showed that AFs were not found within de-
tectable limits (> 1 µg/kg) in 12 (4.6%) samples. 
Furthermore, 188 (71.7%) samples contained AFs 
level below than maximum tolerated level (MTL) 
of 4 µg/kg as assigned by the European Union. 
Moreover, 61 (23.3%) samples retained AFs levels 
ranged between 4–20 µg/kg. These rice samples 
were fit for human consumption as per MTL (20 
µg/kg) assigned by USA (FDA and FAO) and 
Pakistan (PSQCA). Only one sample was found 
un–fit for human consumption owing to AFs con-
tamination of 27.27 µg/kg. 

 
Table 3: Distribution of AFB1, AFB2 and Total AFs in brown rice during 2006–2011. All measurements were done 

in triplicate 
 

Toxins Tested 
samples 

 
Positive 
samples 

Number of samples in concentration range, µg/kg Mean 
(µg/kg) 

Range 
(µg/kg) NFa < 4b 4 to 20c > 20 

AFB1 262 250 (95.4%) 12 (4.6%) 188 (71.7%) 61 (23.3%) 1 (0.38%) 3.80 1.07–24.65 

AFB2 262 20 (7.6%) 242 (92.4%) 20 (7.6%) 0 0 0.09 0.52–2.62 

Total 
AFs 

262 250 (95.4%) 12 (4.6%) 188 (71.7%) 61 (23.3%) 1 (0.38%) 3.89 1.07–27.27 

a Not found within detectable limit (≥ 1 µg/kg ) 
b Below than EU MTL (≤  4 µg/kg ) 
c Below than FDA, FAO and PSQCA MTL (≤ 20 µg/kg ) 
 

Discussion 
 
AFB1 and AFB2 were observed as the most com-
mon contaminant in the tested rice samples. How-
ever, none of the tested rice sample showed AFG1 
and AFG2 contamination. The underlying reason 
is that the optimal temperature for AFs produc-
tion ranged between 20–35 oC. Elevation of tem-
perature up to 40 oC or decline up to 10 oC could 
result in reduced AFs production. The high tem-
perature within the optimal range favors the pro-
duction of aflatoxin B (B1 and B2). In contrast, 
low temperature favors the production of afla-
toxin G (G1 and G2) (15).  
Pakistan is situated in a region which has a tropi-
cal climate, with high temperatures averaging 23.9 
oC and a double maxima rainfall pattern (489 mm) 
(16). These hot and humid climatic conditions are 

supposed to be very favorable for the production 
of AFs (17). The findings of the current study 
support the above mentioned facts and figures. 
In early 2006, the export of Pakistani brown rice 
to the European Union was reduced abruptly. The 
reason was the high moisture (≥ 30%) in paddy 
rice. As a result, AFs contamination was signifi-
cantly enhanced and consignments were rejected 
(18). The current study found that the average 
AFs contamination in brown rice was 5.63 µg/kg 
in the year 2006.  
In this circumstance, rice exporters urged the gov-
ernment to establish strict regulations for the per-
mitted AFs levels in various food commodities. 
Furthermore, it was demanded to provide peer to 
peer testing facilities for AFs in Pakistan as cur-
rently practiced in the EU counterparts. Conse-
quently, government of Pakistan took the immedi-
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ate action and storage facilities with dryer were 
established in the first step. Furthermore, farmers 
were bounded to examine their consignments pri-
or to export. The collective efforts rise by rice ex-
porters and the government of Pakistan have re-
sulted in a gradual decrease in AFs contamination 
in brown rice. Thus, a safe level of average AFs 
contamination equivalent to 2.51 µg/kg was 
achieved in the year 2011.  
The yearly progress regarding AFs contamination 
is presented in Table 4. The results illustrated that 

brown rice were found contaminated with AFs. 
However, contamination level lies within tolerated 
limits (≤ 4 µg/kg). The underlying reason that 
AFs contamination still persists even in traces is 
associated with the unique physical structure of 
the rice hull that plays a vital role in protecting 
seed kernels from being infected by the aflatoxi-
genic moulds (19). The same rice hull being rich in 
nutrients enables brown rice an ideal substrate for 
fungi by providing adequate energy required for 
moulds growth and toxin production (20).  

 
Table 4: Annual distribution of AFB1, AFB2 and total AFs content in brown rice 

 

Years Toxins Concentration in µg/kg 
 Positive samples 

(%) 
Mean Range 

Jun–Dec       

2006                 
(n = 13) 

AFB1 12 (92.3) 5.19 3.15–14.16 
AFB2 2 (15.4) 0.18 0.94–1.42 

Total AFs 12 (92.3) 5.37 3.15–15.58 

2007                 
(n = 78) 

AFB1 67 (85.9) 5.45 1.12–24.65 
AFB2 8 (10.2) 0.17 1.42–2.62 

Total AFs 67 (85.9) 5.63 1.12–27.27 
2008                

(n = 36) 
AFB1 36 (100) 3.91 1.99–11.34 
AFB2 2 (5.6) 0.07 1.12–1.32 

Total AFs 36 (100) 3.98 1.99–12.66 
2009                

(n = 44) 
AFB1 44 (100) 2.72 1.29–11.59 
AFB2 3 (6.8) 0.054 0.52–1.30 

Total AFs 44 (100) 2.78 1.29–12.89 
2010                

(n = 49) 
AFB1 49 (100) 2.80 1.38–13.77 
AFB2 3 (6.1) 0.06 0.56–1.42 

Total AFs 49 (100) 2.86 1.38–15.19 

Jan–Jun         
2011                

(n = 42) 

AFB1 42 (100) 2.47 1.07–7.89 
AFB2 3 (7.1) 0.04 0.52–0.74 

Total AFs 42 (100) 2.51 1.07–7.89 

 
In Pakistan, AFs contamination in rice varies with 
their place of origin. This is due to the variable 
temperature, humidity, microbial flora, soil type 
and diverse agricultural practices.  
Unfortunately, to–date no systematic survey is 
available on the occurrence of AFs particularly in 
brown rice. However, few comparative studies are 
reported. For instance, Asghar et al. investigated 
AFs contamination in 2047 samples comprising 
basmati rice. About 73.3% samples were contami-
nated with AFB1 ranging from 1.17–6.91 μg/kg 
and a mean of 1.15 μg/kg. In 70.6% samples, 

AFB1 level was found lower than MTL as recom-
mended by European Union. Moreover, all the 
samples were found below than MTL of as as-
signed by the authorities in United State (FDA 
and FAO) and Pakistan (PSQCA) (11). Shamma 
Firdous analyzed of 599 samples comprising white, 
brown and sella rice. About 49% samples were 
found positive with AFs. Mean concentrations of 
AFB1/AFB2 were 0.56/0.03 µg/kg for brown rice, 
0.49/0.03 µg/kg for white rice and 0.73/0.02 
µg/kg for sella rice, respectively. The highest con-
centration of AFB1 and AFB2 was 16.65 and 2.64 

http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Firdous%2C+Shamma%29
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28Firdous%2C+Shamma%29
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µg/kg, respectively (21). In another study, Iqbal 
and colleagues pointed that about 65, 38, 33, 42 
and 50% samples comprising paddy, parboiled, 
brown, white and broken rice were found contam-
inated with AFs with an average of 16.35, 14.20, 
9.85, 7.10 and 8.50 μg/kg, respectively (22). 
The results of present study revealed that the 
quality of Pakistani brown rice is far better than 
rice produced in other countries of the same re-
gion such as Sri Lanka and India. For instance, In 
Sri Lanka, the AFB1 and AFG1 contents were 
found significantly higher in parboiled rice than in 
raw milled rice. The highest AFB1 and AFG1 con-
tent were 185 and 963 μg/kg, respectively (23). In 
India, the incidence of AFB1 was found at level of 
5 µg/kg in 38.5% samples. Whereas, about 17% 
samples exceeded the Indian regulatory limit of 30 
µg/kg. The average concentration of AFB1 in rice 
samples collected Assam, Bihar and Tripura states 
was 15 µg/kg (24). Another study from India in-
dicated that out of 1200 rice samples, about 67.8% 
samples were found contaminated with AFB1 
ranging between 0.1–308 µg/kg (10). 
Several studies from other countries reported de-
tectable levels of AFs in rice as well. For instance, 
Sales and Yoshizawa from Philippines investigated 
that out of 78 samples, about 94 and 100% of pol-
ished and brown rice samples were found contam-
inated with AFs, respectively. The contamination 
range in polished and brown rice was found 
0.025–2.7 and 0.03–8.7 µg/kg, respectively (25). 
Similarly, J. Feizy et al. from Iran reported that 
out of 261 rice samples, about 68.9% samples 
were found contaminated with AFB1 ranged be-
tween 0.20–4.3 µg/kg (26). Another study from 
Iran reported that out of 71 rice samples, 59 
(83%) samples were found contaminated with 
AFs. The mean concentration of AFs was 2.09 
µg/kg. Furthermore, about 12.7% samples ex-
ceeded the EU MTL (27). Furthermore, Reiter et 
al. from Iran reported that 24 out of 81 samples 
were found positive with AFs. AFB1 was quanti-
fied in 15 samples and AFB2 was detected only in 
one sample. However, AFG1 and AFG2 were not 
found in any of the tested rice samples. The range 
of AFB1 and AFB2 was found 0.45–9.86 and 1.5 

μg/kg, respectively. The maximum concentration 
of AFB1 was found 9.86 μg/kg (28). 
All the above mentioned surveys indicated that 
AFs contamination in rice is quiet frequent. In 
order to achieve low level of AFs, it is essential to 
conduct regular training programs to create aware-
ness about the toxicity potential of AFs. Further-
more, good manufacturing and storage practices 
should be adapted along with implementation on 
Hazard Analysis and Critical Control Points 
(HACCP) based safety program. It is also pre–
requisite to carry on further investigations, regular 
monitoring and performing routine AFs analysis 
as per food quality control measures. Numerous 
techniques are currently in practice nowadays to 
control AFs contamination. For instance, Nkama 
et al. introduced the use of light intensity for re-
duction in AFs contamination. It was observed 
that rate of destruction of AFs was found directly 
proportional to the light intensity.  About 63 to 
93% reduction in AFs level was achieved in the 
presence of different light intensities (29). Moreo-
ver, Hussain reduced AFB1 contamination by uti-
lizing different cooking methodologies. AFB1 level 
was significantly reduced up to 87.5 % when rice 
samples were cooked in excess water (30).  
Indeed, AFs contamination could be reduced by 
adapting good processing and storage practices. 
Therefore, it is needed to take proper actions such 
as the use of better harvesting practices, handling, 
packaging, storage and as well as transportation. 
AFs have a high impact in human health. Thus, 
storage conditions should be controlled and wide-
spread. The industry and government should con-
tinue to take steps and bound the farmers, grow-
ers and other stake holders to keep AFs levels in 
food and animal feed as low as possible. Growers 
and processors, for instance, follow voluntary 
"Good Manufacturing Practices" that include 
monitoring of mold growth and testing of the 
samples for AFs.  
A comprehensive plan is required to deliver the 
food and feed safely that engaged to full fill the 
requirement regarding the issues of not only rice, 
but also all other foods, feed and their ingredients. 
On the other hand, substantial work has been put 
forth on methodologies for the detection and 

http://www.ncbi.nlm.nih.gov/pubmed?term=Sales%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=16019814
http://www.sciencedirect.com/science/article/pii/S0956713509003405
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quantification of aflatoxins, however, sampling is 
of prime importance as to have a representative 
sample of the total lot under assessment, second-
arily sample handling and finally the analysis. It is 
very unfortunate that sampling, sample handling 
and analysis is not standardized on part of grow-
ers, farmers, producers and ultimately the con-
sumers whom are at great risk. Care must be taken 
in the elucidation and evaluation of results. 
 

Conclusion 
 
The present status of the aflatoxins (AFs) level in 
Pakistani brown rice does not concurrently pre-
sent a potential risk to the human health. Never-
theless, the detection of small quantities of AFs 
warrants further investigation, regular monitoring 
and performing routine analysis, as per food quali-
ty control measure. The initial approach to control 
AFs is to take precaution and proper action such 
as better harvesting practices, handling, packaging, 
storage and as well as transportation. 
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